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Abstract 
The results of theoretical and computational analysis of the working process of long-stroke blast cooled reciprocating compressor 
under high degree of gas pressurization in one stage are presented in the article.  The computation method is based on the 
mathematical modeling of the reciprocating compressor working processes; it takes into account the influence of heat exchange 
processes through the walls of the working chamber, the processes of the gas flow through the spacing gaps and valves, the 
process of gas expansion from the clearance volume, and gas compressibility. The analysis of the thermal conditions of the 
rapidly cooled long-stroke stages of reciprocating compressors when compressing natural refrigerants are ammonia and propane 
is carried out. As efficiency criterion of the thermal conditions the average temperature of the injected gas was taken. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Omsk State Technical University. 
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1. Introduction 
The paper considers the possibility of gas compressing in one compressor stage when the injected and the suction 
pressure ratio is higher than those used in practice. As a rule, value of injected pressure and suction pressure ratio in 
“dry” stages of reciprocating compressors is taken to be equal to 3 – 5. The problem of providing higher value of the 
ratio is caused, in particular, by the fact that without blast cooling of the compressible gas pressure boost in the stage 
working chamber is followed by heat buildup, when the temperature can exceed the allowed value. Fairly, this can 
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be solved by the fluid injection into the stage working chamber [13, 15]. But in some cases fluid supply into the 
working chamber is very limited (for example, in reciprocating compressors, mainly because of the possible hydro 
impact), or is not possible at all because of the exclusive standards concerning actuation gas contamination.  
Sometimes, to solve this problem, short-stroke reciprocating compressors, where the stroke “heating – cooling” 
suppresses overheating of the compressor, are used, but operation cycling is not always suitable for the customer and 
has negative effect on the service life of the compressor unit. That is why, to solve the problem described, using 
long-stroke stages of reciprocating compressors (RC) with blast cooling seems to be up-to-date. This paper is aimed 
to find the possibility of using “dry” slow-speed long-stroke RC stages for compression of refrigerants with different 
physical characteristics when the injected-suction pressure ratio is higher than the recommended values for 
continuous working regime. 
2. Study subject 
The subject of the study is “dry” long-stroke slow-speed RC stage with external blast cooling. Parametric 
analysis of thermal conditions was carried out for the following gases: ammonia and propane. Four working regimes 
were considered: cylinder diameter is 0.02 m; piston stroke is from 0.2 to 2 m; cycle time is from 0.5 to 2 sec. The 
type of cylinder-piston seal is a cup packing; suction pressure is 0.2 МPa; suction temperature is 258 К; injected 
pressure is 2 МPa; external cylinder cooling is high-intensity, adduced heat transfer ratio is 20 and 2000 W/m2∙К 
[14], and ambient temperature is 293 К. 
 
 
Fig. 1. Scheme of the piston stage under study: 1– piston rod; 2 – cylinder; 3 – cylinder jacket; 4 – cylinder head; 5 – connection (discharge c., 
injection c.); 6 – valve (injection v., discharge v.); 7 – sealing cup; 8 – pressure ring;  9 – gasket; 10 – gland nut; 11 - sealing ring; 12 – end seal; 
13 – guide bush; 14 – locking washer; 15, 16 – refrigerant-suction connection; 17 – pressure sensor; 18 – supporting flange 
3. Methods 
Fig. 2 presents thee analytical model of the considered stage [14]. Changing of the working chamber volume, 
caused by the piston movement, results in the changing parameters of the condition of the actuation gas, contained 
in the considered chamber. Heat and mass flows, determining the changing of gas parameters in the control volume, 
are schematically presented by the conventional values, showing the direction and nature of these flows. The 
mathematical model type being applied with the lumped parameters of actuation gas condition at any specific time, 
based on the quasi-steady approach to the main equations system solving, has been proven many times by some 
scientists and the results of its implementation  are verified, which proves the applicability of such model  for 
solving the problems under study [1-12]. 
Correspondently, the following conventional simplifying assumptions will be used: gas medium is continuous 
and homogeneous; the processes being modeled are reversible, balanced и and quasi-steady; the parameters of 
actuation gas condition change simultaneously throughout the working chamber (cell); changing of gas potential and 
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kinetic energy is negligible; friction heat of the piston seals is not supplied to the gas; condition parameters in increasing 
and decreasing spaces are constant; actuation gas flow through gas-distributing parts and structural clearance is 
accepted as adiabatic and quasi-steady; heat exchange between gas and work space walls is convective and can be 
described by Newton-Richman formula; heat exchange on the outer surfaces of the wall parts forming a working 
chamber is defined by a time-constant heat transfer coefficient, selected for the given segment of the heat exchange 
surface; in the walls of the working chamber there are no internal sources.  
According to the analytical model and the accepted simplifying assumptions the system of main design equations 
includes a known equation of the law of energy conservation for the body of variable mass, mass balance equations, 
the equation of state, the Joule law effect for the internal gas energy, the equation of gas flow through the valve and 
clearances, and the equation of convective heat transfer between the gas and the walls of the working chamber. 
 
 
Fig. 2. Generalized analytical model of oil-free stage of the positive displacement compressor with a single-phase actuating medium 
Some of these equations are given below (1 – 7): 
00nn dMidMidLdQdU  ;                                                                                                                   (1) 
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Besides the main equations, the mathematical model includes the range of additional, as a rule, semi empirical 
equations, which complete the whole system of equations. To such equations belong the expressions for defining 
coefficient of gas consumption through valves and spacing gaps, valve dynamics equation (8 – 10) and some others: 
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Nlf ;Re; clclcl GP  ;                                                                                              (8) 
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GPPPPi  6¦ frspringh ;                                                                                                                              (10) 
Concerning the problem being considered, of special interest are the equations (11 – 13), describing non-steady 
heat transfer processes between the actuation gas and the environment through the walls of the working chamber, 
which let defining non steady boundary conditions for the internal working chamber surfaces [14]: 
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This method is used in the PASCAL program package. Input data for the computation are the following 
parameters: suction temperature; suction pressure; gas constant; gas heat capacity; heat conductivity factor; cylinder 
diameter; piston stroke; clearance volume value (mm); crankshaft revolutions; working chamber details material 
characteristics: density; thermal capacity; material thickness; valve area; consumption coefficient; heat transfer 
coefficients on the outer surfaces of segments. 
Input computation data is the following: average temperature of injected gas; instantaneous gas temperature and 
pressure in the working chamber; current volume of the working chamber; current temperature of the working 
chamber walls elements; gas mass in the working chamber at any specific time; heat flows through the working 
chamber structural elements; integral characteristics.  
While implementing this model in the form of the program, Euler method was used as the most appropriate 
providing the choice of reasonable size of constant or variable computational step, ensuring the convergence of 
required accuracy and acceptable machine time [14]. 
4. Results and discussion 
Dependences of the average injected temperature on the piston stroke for different working stroke time when 
compressing actuation gases under analysis are given in Fig. 3-4. It is necessary to note that the gases under study 
differ according to their physical characteristics, adiabatic coefficients of these gases changes from k=1.13 for 
propane to k=1.31 for ammonia.  
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As it was proved by the efficiency analyses of slow-speed long-stroke reciprocating compressors stages  being 
highly-cooled in comparison with adiabatic working process, there was a significant  (more than 100К) injection 
temperature decrease with adiabatic coefficient close to 1.3. When adiabatic coefficient values were lesser, 
temperature decrease reached 25 К. 
Another pacing factor is intensity of external cooling of the compressor stage parts, which depends on the 
characteristics of the cooling medium, velocity of the cooling fluid flow at the cooled parts surface, additional 
finning and its parameters. 
 
Fig. 3. Dependence of the average injected temperature T on the piston stroke S for ammonia: 1 – α=2000 W/m2xК, N=2 s; 2 – α=20 W/m2xК, 
N=2 s;  3 – α=2000 W/m2xК, N=0.5 s; 4 – α=20 W/m2xК, N=0.5 s;  5 – adiabatic compression 
 
Fig.4. Dependence of the average injected temperature T on the piston stroke S for propane:1 – α=2000 W/m2xК, N=2 s; 2 – α=20 W/m2xК, 
N=2 s;  3 – α=2000 W/m2xК, N=0.5 s; 4 – α=20 W/m2xК, N=0.5 s;  5 – adiabatic compression 
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5. Conclusion 
The obtained results have shown that for the gases under analysis with different physical characteristics it is 
possible to provide safe thermal working conditions in the stage of “dry” long-stroke slow-speed reciprocating 
compressor when the value of injection-suction pressure ratio is higher than usual. At the same time, the 
determinant, influencing the average injection temperature decrease (with other structural and operating parameters 
being equal), is the value of adiabatic coefficient of the actuation gas. The best effect is reached when adiabatic 
coefficient is 1.31; when this coefficient is equal to 1.13, external cooling intensification does not influence much on 
the actuation gas temperature. 
References 
[1] J B.S. Chrustalev, V.B. Zdalinsky, V.P. Bulanov, "Mathematical Model of Reciprocating Compressor With One or Several Stages for the 
Real Gases", Int. Compressor Eng. Conference, Paper 1108 (1996). http://docs.lib.purdue.edu/icec/1108. 
[2] J.M. Corberan, J. Gonzalvez, J. Urchueguia, A. Calas, Modelling of Refrigeration Piston Compressors International Compressor Engineering 
Conference,  Paper 1436 (2000). http://docs.lib.purdue.edu/icec/1436. 
[3] R. Davies, A. Bell Mathematical modelling of reciprocation air compressors, Mining Technol., 795 (1987)  69. 
[4] J.Hafner, B. Gaspersic, Dynamic Modeling of Reciprocating Compressor, Int. Compressor Eng. Conference. Paper 708 (1990), 
http://docs.lib.purdue.edu/icec/708. 
[5] S. Lee, R. Singh, M.J. Moran, First Law Analysis of a Compressor Using a Computer Simulation Model, Int. Compressor Eng. Conference, 
Paper 396 (1982).  http://docs.lib.purdue.edu/icec/396. 
[6] M. Luszczycki, P. Cyklis, J. Zelasko, Developed Mathematical Model of the Self-Acting Valves of the Reciprocating Compressor and Its 
Application for Tongue Valves, Int. Compressor Eng. Conference, Paper 918 (1992, http://docs.lib.purdue.edu/icec/918. 
[7] John F.T. MacLaren, S.V. Kerr, A.B. Tramcheck,  Modelling of compressors and valves, Proceedings Institute of  Refrideration, London, 
1974 – 1975.  
[8] M.M. Perevozchikov, I.B. Pirumov, B.S. Chrustalyov, K.S.M. Ignatiev, A. Taha, Slow-speed Displacement Compressor: Thermodynamical 
Process Analysis, Int. Compressor Eng. Conference, Paper 937. (1992) http://docs.lib.purdue.edu/icec/937. 
[9] P. Plastinin, S. Fedorenko, Simulation of Transient Gas-Temperatures in Cylinders of Reciprocating Compressors Using Identification 
Techniques with a Mathematical Model, Int. Compressor Eng. Conference. Paper 295. (1978). http://docs.lib.purdue.edu/icec/295. 
[10] R. Prakash, R. Singh, Mathematical Modeling and Simulation of Refrigerating Compressors, Int.l Compressor Eng. Conference, Paper 132 
(1974) http://docs.lib.purdue.edu/icec/132. 
[11] G.W. Recktenwald, J.W. Ramsey, S.V. Patankar, Predictions of Heat Transfer in Compressor Cylinders, Int. Compressor Eng. Conference. 
Paper 523 (1986) http://docs.lib.purdue.edu/icec/523. 
[12] F. Scheideman; M. Schary, R. Singh, "Thermodynamic and Acoustic Simulation of Positive Displacement Refrigeration Compressors" 
(1978). International Compressor Engineering Conference. Paper 280. http://docs.lib.edu/icec/280 
[13] I.G. Hisameev, V.A. Maksimov, Dvuhrotornye vintivye I pryamozubye compressor: teoriya, raschet I proektirovaniye, Kazan’, Fen. 2000 – 
638 (in Russian). 
[14] V.L. Yusha, V.G. Den’gin V.I. Karagusov, S.S. Busarov, Theoretical analysis of the working process of the superlow rotary low expense 
piston compressor with the increased piston stroke, 8th International Conference on Compressors and Coolants, 2013, Papiernicka, Slovakia. 
Book of abstracts. - p. 22. 
[15] C.R Westphall, H.S. Bell, Design and development of a water – flooded screw compressor packaged air supply system // Des. and Oper. 
And. Compressors Conf. Glasgow, 1978.London, 1978. p. 53-63. 
